INTRODUCTION
Hepatic encephalopathy (HE) is t he s econd most frequent major complication of liver cirrhosis following ascites, characterized by a wide spectrum of neurological or psychiatric symptoms, ranging from minimal disturbances in mental function to deep coma [1] [2] [3] [4] . Once it has developed, HE becomes one of the most debilitating disturbances, affecting the lives of both patients and caregivers, with frequent hospitalizations, high 1-year mortality, and high healthcare costs [5] [6] [7] . The pathophysiology of HE is multifactorial, complex and largely unknown, but it is thought to be driven by cerebral edema as a result of the combined action of hyperammonemia, systemic inflammation and oxidative stress [8, 9] . Current therapies for HE are directed at reducing the production and absorption of gutderived ammonia levels by increasing its removal from the gut [1, [10] [11] [12] . The non-absorbable disaccharide lactulose is the mainstay of therapy for a hospitalized cirrhotic patient with HE [1, 13] . Antibiotics are also used; however, they may be associated with serious adverse events such as ototoxicity and nephrotoxicity (neomycin and paromomycin), peripheral neuropathy (metronidazole), and alteration of intestinal microbiota resulting in diarrhea [13, 14] . Rifaximin, a nonabsorbable antibiotic, is safer than other antibiotics used in the treatment of HE, and is commonly used in those patients who do not tolerate lactulose. It is recommended by current J Gastrointestin Liver Dis, December 2015 Vol. 24 No 4: 423-428 guidelines as an effective add-on therapy to lactulose for prevention of overt HE recurrence [1]; several studies found that rifaximin was equally effective as lactulose for either HE treatment or prevention [15] [16] [17] [18] [19] [20] .
Over the past two decades there has been a dramatic worldwide increase in both incidence and severity of Clostridium difficile infection (CDI) [21, 22] . Paralleling the increased incidence of CDI in the general population, there has been increased interest for CDI in patients with liver disease, particularly in those with liver cirrhosis who are at high risk for CDI development because of their frequent and prolonged hospitalizations, the antibiotic treatment and proton pump inhibitor (PPI) use and the multiple comorbidities [23] [24] [25] [26] [27] . In addition, altered immune mechanisms and gut microbiota in cirrhotic patients predispose to various bacterial infections, including CDI [23, 24] . It is therefore somehow surprising that the incidence of CDI in cirrhotics with HE has not been assessed, although such patients have all the above mentioned risk factors for CDI. To our knowledge, there is only one study which evaluated the incidence of CDI in cirrhotic patients treated with rifaximin for HE, reporting the absence of this infection in this set of patients [28] . Thus, our study is the first to assess the incidence of CDI in all hospitalized cirrhotic patients with HE, regardless of the therapy they received.
The aim of this study was to evaluate the incidence and risk factors for CDI in patients with liver cirrhosis hospitalized for an episode of HE in a tertiary-care center.
PATIENTS AND METHODS
This is a retrospective analysis of patients with liver cirrhosis who were admitted with an episode of HE, from January 1, 2012 to December 31, 2014 , at the Institute of Gastroenterology and Hepatology of Iasi, a tertiary referral center for NorthEast Romania. The patient medical charts were reviewed, and demographic information including age, gender, prior hospitalizations, clinical and laboratory parameters, etiology of cirrhosis, therapy for HE, antibiotics and PPIs use were carefully searched, as well as the presence of the hepatorenal syndrome (HRS), spontaneous bacterial peritonitis (SBP), gastrointestinal bleeding, and ascites. All patients developing diarrhea (≥3 watery stools/day) were tested for CDI. The results of stool samples for toxins A and B (enzyme immunoassay, EIA) were analyzed, and the presence of any or both toxins was defined as CDI. Each patient's stool was tested only once. Length of hospital stay and mortality during admission were also analyzed. Hepatic encephalopaty was classified according to the West Haven criteria [29] .
Cirrhotics with HE and CDI (study group) were compared with those without CDI (control group). As this is a retrospective study, no institutional approval was required.
Statistical analysis
Statistical analysis was carried out using the SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). Continuous variables with normal distribution are expressed as mean ± SD, otherwise median and the quartiles are used (Q1,Q3). Categorical variables are expressed as absolute values and percentages. Quantitative variables with normal distribution were compared using the Student's t test, while for those with non-normal distribution, the Mann-Whitney test was used. The Chi square test (Fisher exact test for small expected frequencies) was applied for categorical data. Univariate analysis was performed for each recorded variable. Variables with P-value < 0.1 in univariate analysis were included in multivariate analysis (logistic regression). Odds ratio (OR) with 95% confidence interval (CI) was calculated for qualitative variables included in the logistic regression. P value of less than 0.05 was considered statistically significant.
RESULTS
Between January 2012 and December 2014, 231 cirrhotic patients with HE were admitted, of whom 17 (7.3%) were diagnosed with CDI. The overall CDI incidence rate was 57.2 cases per 10,000 patient-days. In all the 17 patients, diarrhea occurred later than 72 hours after admission, and therefore, all cases of CDI were considered hospital-acquired. Demographics and clinical and laboratory characteristics of all patients as well as of those with and without CDI are shown in Table I There was no significant difference in the gender distribution, etiology of cirrhosis, severity of liver disease (MELD score, Child-Pugh score), encephalopathy stage, presence of some complications of cirrhosis (ascites, SBP, upper gastrointestinal bleeding), as well as for most of the laboratory parameters between cirrhotics with HE with CDI and those without CDI (Table I) . However, the patients with CDI were significantly older (62.8±10.8 years vs. 58.6±10.1 years, P=0.028), had significantly higher levels of blood creatinine (1.0 mg/dl vs. 0.83 mg/dl; P=0.046) and more frequent HRS (52.9% vs. 15.4%; P=0.01), but they had a similar number of hospitalizations in the previous three months (P= 0.779) .
During hospitalization, a large proportion of patients with and without CDI received rifaximin as therapy for HE (83.9%), and 50.2% were treated with quinolones or cephalosporines for SBP, urinary or respiratory tract infections, and skin infections. In addition to the patients diagnosed with CDI, 33 (14.2%) developed diarrhea during therapy for HE, but all of them proved negative for Clostridium difficile (C. difficile) after the stool analysis, and diarrhea resolved with antimotility agents.
The therapy for HE consisted of lactulose (16.3%), rifaximin (21.2%), or a combination of lactulose and rifaximin (62.5%). Metronidazole 500 mg 3 times daily and vancomycin 125 mg 4 times daily were used for treating CDI in 6 (35.3%) and 11 (64.7%) patients, respectively. The mean duration of treatment for CDI was of 10 days.
The results of the univariate and multivariate logistic regression analyses are shown in Table II . Variables with P-value <0.1 in the univariate analysis were included in the multivariate logistic regression: age, antibiotic therapy, SBP, and HRS. Age over 65 years, antibiotic therapy and HRS remained significantly associated with the development of CDI in cirrhotic patients with HE.
DISCUSSION
Several studies have examined the incidence of CDI in adult hospitalized cirrhotic patients, and most of them reported higher rates of CDI in these patients than in the general population [23] [24] [25] [26] [27] . This is not surprising given the high-risk of cirrhotics for bacterial infections [30] [31] [32] . The patients with liver cirrhosis have many of the well-known risk factors for CDI: frequent and prolonged hospitalizations, frequent antibiotics and PPIs use, and an immunocompromised system [33] . In addition to the cirrhotic patients, there are other comparable chronically ill subgroups of patients including those with inflammatory bowel disease (ulcerative colitis, Crohn's disease) in whom an increased risk of CDI is well documented [34] . It was found that cirrhotic patients with CDI had a higher mortality and higher hospital costs, and had a longer length of hospital stay than those without CDI [25] . Moreover, it was shown that CDI yields the highest fatality rate among infections that occur in hospitalized patients with cirrhosis [35] . Given the high incidence of CDI and its negative impact on the outcome of hospitalized cirrhotic patients, a recently published study [36] suggested that all these patients should be screened for CDI; however, the model used in this study did not include the new therapy for CDI, and the results are in contrast with the current guidelines which do not recommend screening of asymptomatic patients.
There is currently a paucity of data on the incidence of CDI in hospitalized cirrhotics with HE, the second most frequent major complication of liver cirrhosis following ascites. To the best of our knowledge, there is only one retrospective study evaluating the incidence of CDI in cirrhotic patients who received rifaximin for the treatment of HE; none of the 211 patients developed CDI during rifaximin therapy [28] . Another study, published as abstract [37] , also assessing the efficacy of rifaximin in HE, reported no cases of CDI. Furthermore, a systematic review and meta-analysis reported that rifaximin has a beneficial effect on HE and none of the included trials found an increased risk of CDI [19] . It was suggested that CDI is absent or it occurs very rarely in cirrhotics with HE, probably due to the protective effect of lactulose (by reducing short chain fatty acids production and suppressing C. difficile growth) [23] and rifaximin (by reducing enteric ammoniaproducing bacterial loads) [13] . The present study investigates the incidence of CDI in all hospitalized cirrhotic patients with HE, regardless of the therapy they received. We found that 7.3% of cirrhotics admitted for an episode of HE developed CDI. This finding contradicts the results of the two studies mentioned above [28, 37] , which reported the absence of CDI in patients treated with rifaximin for HE. The high incidence of CDI in our study could, at least partially, be explained by the systematic stool testing for toxins A and B by EIA in all cirrhotic patients hospitalized with HE who developed diarrhea during therapy. In addition, all our patients with HE diagnosed with CDI had several additional risk factors for CDI, including the use of antibiotics, advanced age, and an immune compromised system secondary to liver cirrhosis [28] . Rifaximin, unlike the other antibiotics used for the treatment of HE, appears to be effective, safe and well tolerated [16, 17, 28, 38] . Other studies suggested rifaximin to be effective in the prevention and treatment of the recurrent CDI [39, 40] . We should also mention that, in Romania, rifaximin is often used alone or in combination with lactulose in the treatment of HE. Although most studies regarding the long-term therapy with rifaximin show that the risk for CDI is absent or negligible, it should, however, be underlined that such a risk does exist, as demonstrated by our study, and some other cases reported in literature [16, 17] . Bass et al. [16] in a randomized, double-blind, placebo-controlled trial, demonstrated that rifaximin significantly reduced the risk for an episode of HE as compared to a placebo over a 6-month period, and reported that 2 out of 140 patients (1%) who had received rifaximin developed CDI during treatment (none of the placebo group), but both patients presented several risk factors for CDI. A number of other cases of CDI, detected in long-term rifaximin therapy, were also reported [41, 42] . Mullen et al. [41] found 6 cases of CDI (0.015%) in a cohort study of patients who had received rifaximin for at least 24 months; infections occurred in high-risk patients. These rare cases of CDI reported during rifaximin therapy indicate that there is a risk for this infection, and the prescription of a long-term treatment with this antibiotic requires "a note of caution" [43] .
Diarrhea in cirrhotic patients with HE may represent an adverse effect of the therapy used for HE, mostly of lactulose [11, 14] and very rarely of rifaximin [44] . According to the study by Neff et al. [28] , 8% of their patients developed diarrhea during treatment with rifaximin, while none was diagnosed with CDI. Another study reported that less than 5% of the patients developed diarrhea while receiving rifaximin for the treatment of HE [44] .
Our study has some strengths and also has several limitations. Thus, it is the first study evaluating the incidence using internationally recognized CDI surveillance definitions [45] , and the risk factors of CDI among hospitalized cirrhotics with HE at a Romanian tertiary referral center. However, as a retrospective, single center study it is more likely to produce bias: undertesting for C. difficile, underdiagnosed CDI in some cases, missing data. In addition, the study provides no information on the C. difficile strain.
CONCLUSION
The hospitalized cirrhotic patients with HE are at risk for CDI during therapy with lactulose/rifaximin. Clinicians should have a high index of suspicion for CDI when evaluating cirrhotic patients hospitalized with HE who develop diarrhea, in order to rapidly diagnose and treat this infection. Further studies on CDI incidence and impact in patients with liver cirrhosis hospitalized for HE are warranted.
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